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1I. INTRODUCTION.
The object of this thesis was to "become better acquain-
ted with the metal tungsten and its compounds as well as to
carefully study the behavior of each. Because of the large
scope of such a subject, and in lieu of the fact that so
much had been written about it, made it necessary to spend
a great deal of time in finding reliable and accurate ref-
erences.
The time for original research was therefore limited
and in only two points do the methods of procedure in this
work differ from the standard methods in use.

2II. A REVIEW OF SOME OF THE ANALYSES OF TUNGSTEN
ORES AND A NEW METHOD DEVISED,
a) General Principles Involved.
As tungsten can be readily separated from other ele-
ments as the yellow oxide (WO3), or as mercurous tungstate,
and as these precipitates can be readily converted to weigh-
able tungstic oxide, few methods depending on other react-
ions have been proposed for its gravimetric determination
in the ores.
Volumetric methods have not oome into general use be-
cause of the difficulty in decomposing the ore and separat-
ing the tungsten from iron and silica consuming so much
time. Eecause this is true the solution and titration of
tungstic acid would not present any advantages over weigh-
ing. An interesting method described by Elesly and Kendall,
consists in dissolving the tungstic acid from the silica
in ethyl amine and titrating back the excess with oxalic
acid using phenolphthalein as an indicator.
Other volumetric methods depend upon the principle that
tungstic acid can be dissolved in standard sodium hydrate
and the excess titrated with standard acid.
For the analysis, tungsten ores can be decomposed as
follows:
I. Fusion with alkaline carbonates.
II. Boiling in a solution of sodium hydroxide.
III. Digestion in a mixture of hydrochloric and hydro-
fluoric acids.

3IV. Digestion in aqua regia.
When decomposition has "been effected by the fusion or
digestion, it is essential to precipitate the tungsten as
mercurous tungstate. The methods given in texts which de-
pend upon the separation of the yellow oxide from solution
of alkaline tungstate by evaporation with hydrochloric acid
are unreliable, as it seems to be quite impossible to re-
cover all the tungstate in this way, even by evaporation
and boiling with acid repeatedly.
When separation is made with mercurous nitrate it should
be remembered that phosphorous, vanadium, molybdenum, etc.,
are also precipitated. Even if these are absent as is gen-
erally the case, other impurities hard to account for make
the results a little high. Nevertheless, this is an excel-
lent, much used method and probably the only one which can
be used on some ores.
Hutchin and Tonks, have a method especially for battery
pulp and tailings, the decomposition being accomplished by
hot caustic alkali solution. The charge taken is five grams
and upward. This is digested in a porcelain dish v/ith 25-
30$ sodium hydroxide. From this point the assay is finish-
ed as tho decomposition were made by fusion. This method
is not applicable to ores containing Scheelite.
A mixture of equal parts of hydrochloric and hydrofluoric
acids will decompose tungsten ores, sometimes to almost
complete solution. If then an excess of hydrochloric acid t> e
added the hydrofluoric acid expelled by evaporation, the
yellow oxide will be precipitated on addition of water.

4Conflicting statements are found concerning the solu-
bility of tungstic acid in hydrochloric acid. The unignited
precipitate is certainly soluble to a considerable extent in
strong acid. Upon dilution with several volumes of water
the tungstic acid is completely precipitated on standing.
If subjected to filtration with the proper precaution in
washing^ the filtrate is perfectly clear and bright, no tung-
sten is found therein ( or only very small amounts). Tung-
stic acid cannot be we shed in pure water as it forms a pseudo
solution and causes the filtrate to be turbid. The wash
water must contain acid or the solution of some salt. Sim-
iliarly, in separating tungstic acid from silica with ammon-
ia much silica is carried thru in a turbid stream when am-
monia water is used alone. A little ammonium chloride pre-
vents this to a great extent but not completely, as silica
is appreciably soluble in ammonia. The use of ammonia, how-
ever, is a most convenient means of separating all the tung-
stic acid from the bulk of the silicious residue.
When it is expected to use ammonia in separation, care
must be taken to carry the assay to hard dryness as the
tungstic acid then is hardly soluble. Even prolonged heat-
ing on. the water bath makes its solution uncertain.
Tungstic acid and silica may be separated by evaporation
with hydrofluoric acid. The addition of sulfuric acid some-
times recommended was found to be unnecessary.
A Bunsen or Tecklu burner can be used to ignite the
tungstic acid for weighing. A blast lamp is undesirable as
tungstic acid has been found to be slowly volatilized at

such temperatures.
When working: with material so untractable as tungsten
whatever method of analysis is adopted, the sample must be
finely ground in an agate mortar.

6b) A Description of Wolframite.
Wolframite is known to be an isomorphous mixture of
tungstic acid, iron, and manganous oxide. It is sometimes
refered to as a combination of Ferberite (FeO.WOg or 2PeW04-
Fe) and Hubnerite (MnO.VYOg or (lin,Fe )0.W03 ) . Wolframite ores
rich in Ferberite aave a black brov/n appearance, and those
containing a large percentege of Hubnerite are reddish brown
in color. The general formula of wolframite is mFeW04< nMnWO^
The ore chosen for the experimentation was from Boulder
County, Colorado, which is the source of three fourths of the
tungsten ores mined in this country every year. Altho the
ore is called wolframite, Boulder County ore corresponds more
nearly to the mineral Ferberite. That is, the ratio of iron
to manganese in wolframite is 4:1 and 2:3, but may vary from
9:1 to 2:3. In the mineral Ferberite we have a still larger
proportion of iron to manganese. The analysis further on,
shows the ratio to be about 10 to 1.
The composition and other characteristics of so-called
Boulder County wolframite corresponds well with the mineral
Ferberite, which Dana describes as follows:
Crystals
Massive, granular
Cleavage, perfect
Hardness, 4 to 4.5
Luster, imperfectly vitreous, a little submetallic,
adamantine

Color, black opaque
Streak, brownish black to blackish brown
Composition, ferrous tungstate.

8c) Some Methods of Analysis in Use.
As was stated under the general principles considered,
there are four satisfactory methods in use for the deter-
mination of tungstic oxide in high grade tungsten ores. H.
F. Watts suggests several good methods of analysis for low
grade ores, but these need not be considered as the ore used
ran high in tungstate.
The methods for decomposing the ore suggested are:
I. Boiling in a solution of sodium hydroxide.
II. Fusion with alkaline carbonates.
III. Digestion in a mixture of hydrochloric and hydro-
fluoric acids.
IV. Digestion in aqua regia.
As the first method has heen briefly described and applies
only to battery pulp and tailings, it need not be considered.
The following is a good example of the fusion method with
alkaline carbonates.
The Fusion Method.
One half to one gram is thoroly fused with four to five
grams of sodium carbonate in a platinum crucible. The melt
dissolved in hot water and a little sodium peroxide added.
The iron and manganese as well as any of the heavy metals
are separated on filtration.
Acidify the filtrate slightly with nitric acid and make
slightly alkaline with ammonia. Boil and filter the light
precipitate of third group metals if present. To the fil-

9trate add a few drops of methyl orange and titrate with
nitric acid until just acid. Heat and add an excess of a
clear solution of mercurous nitrate (HgNO^.SHgO) . How add
a few drops of strong solution of sodium carbonate to pre-
cipitate a little mercurous carbonate (HgCOg). Remove from
the heat and allow to settle for a few minutes, filter on
a IE cm. filter paper and wash well with hot water which
contains a little ammonium chloride or ammonium nitrate.
Without drying the precipitate further, than can be
done on a filter pump, transfer it with the filter paper to
a platinum crucible. Char the paper at a low heat and fin-
ally ignite in a good hood over the flame of a Meeker burner.
Cool the crucible, moisten the contents well with hydro-
fluoric acid, dry, ignite and weigh as tungstic oxide.
The Aqua Regia Method. (H. F. Watts)
Usually one gram of ore is used for the analysis, but if
the ore is of a high grade, one half gram is sufficient.
For mill tailings two grams are taken. For high grade ores
55 cc. aqua regia are necessary, for low grade ores only
30 cc. are needed. Decompositions are made in 4 oz. covered
beakers. The action should be gentle and the solution
should not actually boil. The assay should be constantly
stirred to prevent caking. When the solution has evaporated
to 10 or 15 cc, remove it from the hot plate and dilute
with 50. cc. of hot water. Allow this to stand for one half
hour. Decant the clear solution thru good filter paper. The
residue settles readily and can be closely decanted. Wash
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the residue twice with 50cc* of hot water, slightly acid-
ulated with hydrochloric acid keeping as much residue in the
"beakers as possible.
Add about 20 cc. ammonia solution to the "beakers dissolve
the tungstic acid and decant the solution thru filter paper.
The ammonia wash solution is made up as follows: 200 cc.
strong ammonia, 1000 cc. of water, and 10 cc. of hydrochloric
acid to form a little ammonium chloride. Che silica residue
is brought on the filter paper and washed thoroly with the
ammonia solution.
The resulting silica should be white, if it is not this
is due to the protecting action of the separated tungstic
acid in some high grade ores. Wash two or three times with
the ammonia solution until the tungstic acid is completely
dissolved. Treat the filtrate again with 15-20 cc. aqua
regia which will completely finish the separation. Redis-
solve in ammonia and remove the ammonium meta tungstate
( (NH4 )2W4 5.8H20) , as a solution. The bulk of the silica
is thus removed.
The ammonical solution is evaporated to dryness in a
weighed platinum dish, ignited gently at first to drive off
ammonium salts and finally at the full power of the burners.
Cool, moisten with hydrofluoric acid and again evaporate to
dryness and ignite. V/eigh as tungstic oxide.
Hydrochloric -Hydrofluoric Acidi: Method,. (0. P. Fritchle)
In hydrofluoric acid is found the ideal solvent for
both tungstic and silicic oxides, and upon these facts the

following method was founded: Weigh into a platinum dish
or crucible of about £5 cc. capacity, one half gram of the
finely powdered ore, add equal quantities of hydrochloric
and hydrofluoric acids, and digest at slow boiling temper-
atures for about one hour or until the ore is all in sol-
ution, adding from time to time more of each aeid. Evap-
orate down to one half the original volume to displace the
silicon fluoride and excess of hydrofluoric acid. The dish
should be covered to prevent loss by spattering. The two
acids will entirely dissolve most ores except those con-
taining tin oxides, in which case it will be necessary to
filter off the insoluble residue.
Transfer the solution to a Ho. 3 beaker, add 20 cc. of
hydrochloric acid and 8 cc. of nitric acid and boil down to
about lOcc. to expel all the hydrofluoric acid. The tung-
stic fluoride will be converted into -hhe chloride and in the
presence of nitric acid will be precipiteted as tungstic
acid. (HgW04 ). Dilute with 50 cc. of hot distilled water
and boil slowly for about one half hour, or until the tung-
sten is all precipitated, when the beaker should be set back
and kept just below the boiling point until t$e solution is
clear. Filter thru a Gooch crucible on to an asbestos felt,
wash well with hot water, dry, ignite for five minutes end
weigh as tungstic oxide, a bright canary colored oxide.
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d) Results of a Pew Analyses.
The following are the results of a series of analyses
made on the wolframite ore by the aqua regia, alkaline fusion,
and hydrochloric and hydrofluoric acid methods.
Aqua Regia Method.
I. II.
38.1399 Weighing tube and sample 36.6878
36.6878 Weighing tube 35.4038
1.4521 Weight of sample 1.2843
17.1003 Weight of platinum crucible 16.8417
and WOg
16.1986 Weight of platinum crucible- 16.0580
.9017 Weight of W03 .7837
I. .9017/1.4521 x 100 62.17$
II. .7838/1.2843 x 100 61.96$
Alkaline Carbonate Fusion Method.
I. II.
35.4035 Weighing tube and sample 34.3738
34.3738 Weighing tube 32.8506
1.0297 Weight of sample 1.5232
16.8430 Weight of crucible and WOg 17.0254
16.1985 Weight of crucible 16.0579
.6445 Weight of W03 .9675
I. .6445/1.0297 x 100 62.70$
II. .9675/1.5232 x 100 62.88$

Hydrochloric and Hydrofluoric Acid Decomposition Method.
I. II.
32.8506 Weight of tube and sample 31.4242
31.4242 Weight of tube 36.1494
1.4264 Weight of sample 1.2748
17.0875 Weight of crubible and W03 16.8544
16.1984 Weight of crucible 16.0579
.8891 Weight of WO3 .7977
I. .8891/1.4242 x 100 62.41%
II. .7977/1.2748 x 100 62.53%
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e) A New Method for Wolframite Analysis.
The following is a complete analysis of wolframite
giving the percentages of the four essential elements:
tungsten, silicnn, iron, and manganese.
Qualitative tests showed the presence of a little cal-
cium, magnesium, molybdenum, phosphorous and sulfur, but
as the amounts present were small no quantitative analysis
was made for these elements.
Analysis of Tungstic Oxide.
I. II.
29.4672 Weighing tube and sample 28.1796
28.1796 Weighing tube 27.0432
1.2876 Wftight of sample 1.1364
17.0014 Weight of crucible and W03 16.7689
16.1983 Weight of crucible 16.0577
.8031 Weight of W03 .7112
I. .8031/1.2876 x 100 62.47%
II. .7112/1.1364 x 100 62.62%
Analysis of Silica.
I. II.
1.2876 Weight of sample 1.1364
17.1965 Weight of crucible and SiOg 16.9415
17.0014 Weight of crucible 16.7689
.1951 Weight of SiOg .1726
I. .1951/1.2876 x 100 15.15%
II. .1726/1.1364 x 100 15.20%
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Analysis of Ferrous Oxide,
I.
1.2876
16.7743
.5760
I.
II.
Weight of sample
Weight of crucible and FegO^
Weight of Fe2 3
.5760/1.3876 x 100 44.65$ Fe 2
.5051/1.1364 x 100 44.45% "
44.65 x 71.84/138.66 20.11% FeO
44.45 x 71.84/139.66 19.98% "
Analysis of Manganous Oxide.
II.
1.1364
16.0576
.5051
I. II.
1.2876 Weight of sample 1.1364
16.2558 Weight of crucible and Mn^O^. 16.1090
16.1982 Weight of crucible 16.0575
.0576 Weight of Mn3Q4 .0515
I. .0576 :£ 70.93/164.8 X 100
1.925% MnO
II. .0515 x 70.95/164.8 x 100
, ocfl/ „ A
1<1564 ' 1.95% MnO.
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f ) A Description of the Analysis Used.
Analysis of Tungstic and Silicon Oxides.
A little over one gram of the finely ground wolframite
was well fused for one half hour with 5 or 6 grams of sod-
ium carbonate, The melt was dissolved in hot water and
treated with a little sodium peroxide. This when carefully
added in the crucible losens the melt and makes it easy to
separr-te the same from the crucible. The sodium peroxide
completely precipitates the manganese as manganese dioxide.
The residue of heavy metals is then filtered off and treated
for iron and manganese as will be explained later. The
filtrate contains all the tungstic and silicic acids as well
as the elements, phosphorus, and molybdenum in the form of
salts.
The solution was then treated with nitric acid to render
it barely acid and the titrated back with ammonia to alka-
linity. A slight amount of third group elements precipitated
out and was added to the residue.
To the filtrate methyl orange was added and the solution
titrated until it was just acid, The beaker was then heated
to boiling, 30 cc. of a clear solution of mercurous nitrate
was added. Heat was again applied to insure the complete
precipitation of the mercurous tungstate, and finally a
little concentrated sodium carbonate solution v/as added to
precipitate a little mercurous carbonate and prove that an
excess of mercurous nitrate was present.
The precipitate was filtered and the filtrate evaprr-
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atod to 10 to 15 cc. The l&tter vas then treated with 5 cc.
concentrated hydrochloric acid and evaporated down to almost
dryness. In this way the silica will precipitate out. Di-
lute this solution with 50 cc. of boiling water and add the
solution with the silica to the mercurous tungstate precip-
itate.
In this way all the mercurous tungstate and silica were
brought together on the filter. This was placed in a plat-
inum crucible and heai ed until all the mercurous oxide was
driven off and only silica and tungstic oxide remained. The
precipitate was then weighed and the weight recorded.
The latter was dissolved out, with equal psrts of hydro-
chloric and hydrofluoric acid. The solution was gently
boiled until all the silicon fluoride was removed. It was
then transfered to a Ho. 3 beaker and E5 cc. of hydrochloric
acid and 12 cc. of nitric scid were added. The solution was
further boiled until all the hydrofluoric acid was expelled.
The tungstic fluoride was completely changed to tungstic
acid in the presence of nitric acid. The solution was then
diluted with 50 cc. of boiling water until all the tungstic
oxide was precipitated.
As slight traces of phosphorus and molybdenum were found
in the qualitative analysis, the precipitate was washed with
a little alcohol to remove these. The precipitate was wash-
with ammonium chloride solution and then ignited.
Sample II. was not treated with alcohol, but as the anal-
ysis shows, the percentage of silica in the two samples was
trifling.
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Analysis of Ferrous Oxide and Manganese Oxide by
the Method of 0. Brunck.
I. Analysis of Iron.
A hydrochloric acid solution of the residues from the
alkali fusion containing from .2 to. .4 gram of iron was
treated wi$h about 1.2 grams of ammonium chloride. The sol-
ution was evaporated to dryness, practically all of the acid
being expelled during the heating on the water bath. The
residue was pressed with a glass rod and heated five minutes
longer. The chlorides of the metals present were dissolved
in 20 cc. water, Four tenths of a gram of sodium acetate
solution, first treared with hydrochloric acid to make it
barely rcid, (sodium carbonate being a common impurity) was
added. The solution was diluted with 800 cc of boiling water
and with constant stirring is kept at that heat for 10 minutes.
Finally the flame was removed and the precipitate is
allowed to settle. The solution was decanted and saved for
the manganese determination, while the precipitate was washed
with hot water. The basic ferric acetate was then dissolved
in as little hydrochloric acid as possible and the iron re-
precipitated with ammonia, filtered, dried, and ignited as
ferric oxide.
II. Analysis of Manganese.
The quantitative separation of manganese, nickel, cobalt,
and zinc from the alkaline earths depends entirely upon the
insolubility of the sulfides of the metals of this group and
the solubility of the alkaline earths. Therefore when a neu-
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tral solution of the chlorides of the metals (such a solution
being present after the iron was removed) was treated with
freshly prepared colorless ammonium sulfide solution, man-
ganese sulfide came down as a heavy black precipitate. The
latter is practically insoluble in the neutral solution.
This precipitate was filtered off. Manganese salts and sul-
fides, in general, when heated to temperatures ranging from
940-1100°C, are quantitatively converted to the oxide of
manganese MngO^.. Therefore this general and satifactory
method was used to determine the manganese content of the
wolframite.
The precipitate in the crucible was surrounded by the
oxidizing flame of the burner and a moderately high heat was
obtained without the use of too much free excess of air. The
manganese content is expressed in terms of manganous oxide
,
because it occurs in this form in the ore.
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III. THE PREPARATION OF TUEGSTEN.
a) General Considerations.
Many varied and interesting methods have "been proposed
for the production of tungsten. These are all briefly and
completely taken up in Dr. Hans Menniche', Metallurgie des
Wolframs* It is beyond the scope of this paper to discuss
any of them.
In this article the production of tungsten and tungsten
powders suitable for further treatment to produce filaments,
wires, etc., will be taken up. One method attempted will be
described.
To produce tungsten powders the accepted procedure is to
reduce the oxide with hydrogen at temperatures ranging from
1000-3200°C. Any method that requires much over 1000°C, was
not available and therefore had to be dispensed with.
b) The Preparation of Tungstic Acid.
There are two general methods in use to prepare tungstic
acid from the ore: 1) treatment with aqua regia, and 2) fusion
with sodium carbonate. The first is the cheaper method and
the second, which was used, the more rapid and effective.
The acids produced from either method was treated to elim-
inate the silica.
Procedure.
Two 1000 gram batches of finely ground ore was roasted
for two hours in a muffle furnace at a temperature of 500°C.
The ore was removed and thoroly mixed with 1000 grams of sod-
ium carbonate ff§$ excess) and 100 grams of sodium nitrate.
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The mixture was plaeed in an iron "box arrangement as shown
in Fig, I., and the latter fitted into the muffle.
The mixture was allowed to gently froth for two and one
half hours at a temperature of 900°C. After this time the
melt started to harden and was removed.
The melt was run into two Seegar clay boxes and then
placed into jars of water and allowed to stand one night.
The next cay the liquid was filtered off and the residue re-
treated with aqua regia for further removal of tungstic acid.
The liquid was divided in two parts and each part was
evaporated to 20 liters. Solution 1, was then poured into
concentrated nitric acid and solution 2, poured into concen-
trated hydrochloric acid. Enough acid was present in each
case to neutralize the excess carbonate and completely pre-
cipitate the tungstic acid. Nitric acid gave the best results.
The precipitates of tungstic acid and silica (the latter
was present in rather large amounts) were filtered off.
Precipitate 1, was washed into a 200Ccc solution of dilute
nitric acid and precipitate 2, into dilute hydrochloric acid.
Both precipitates were then treated with concentrated
ammonia, dissolved, and filtered. In this way the bulk of
the silica was removed. This was repeated twice and only a
small amount of silica was found after the third precipita-
tion.
The tungstic acid was washed with a little dilute acid
and dried at 100°C, in an electric oven.
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c) The Preparation of Tungsten.
The tungstic oxide purified as just described was placed
in a Battersea crucible and heated in a gas furnace for 4-5
hours. A little silica or alumina from the crucible adds it-
self to the oxide , but this effect is beneficial. The amounts
which are added do not exceed ifo of the charge. The material
is then ground into a fine mass.
The latter was pieced in a quartz tube and heated, at
first slowly, and then at the full blast of the gas burners,
from 5-7 hours. The temperature varied from 900°C. to 1100°C»
During the time the heating was going on hydrogen gas from a
Kipp generator was passed over the oxide.
On the right of Fig. II., is a Kipp generator of two
liters capacity. The gas passed first thru a cylinder of
glass wool to catch any entrained liquid from the generator.
Then the gas was forced thru a cylinder of concentrated sul-
furic acid tc remove moisture. From here it flowed to a
quartz tube preheat er where the hydrogen gas was heated by
three burners. The gas hen passed thru glass tubing well
insulated by asbestos to a larger quartz tube. This was also
completely insulated to the point where the hydrogen was heat-
ed up by the furnace blast lamp. Directly above the hottest
part of the flame of this lamp was a porcelain boat of tung-
stic oxide was placed. On the left of this a Thwing Pt-PtRd,
thermocouple attached to a Thompson ice junction pyrometer
was placed. The gas escapes thru the T tube shown in the
diagram and the volume of the same is measured by means of a
eudiometer. The apparatus worked very satisfactorily after
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a good many disappointing efforts.
The heating of the oxide must be very gradual or a
coarse crystaline tungsten, rather the finely powdered
product will result. The tungsten powders must be fine or
they cannot be well pressed. This is essential in the pre-
paration of the ductile metal.
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mi. conclusions.
a) Conclusions to part 1.
The results of this work show that the method of anal-
ysis adopted is acceptable and the results tally well with
the standard procedures.
In the analysis of tungsten ores which run rather high
in silica it was found that Hugh F. Vifatts, aqua regia method,
and 0. P. Frichle's hydrochloric and hydrofluoric acid method
completely separated the silicic acid from the tungstic acid.
Digestion of the ore itself "by either the Watts or Frit-
chle method is *ery slow and was found to he not as complete
as the decomposition of the ore with sodium carbonate.
The last named method in itself is not quite satisfact-
ory, because the subsequent treatment with mercurous nitrate
and direct treatment with hydrofluoric acid invariably makes
the results high.
Following is a table of the results of the four anal-
yses.
No. Hame of method. Percentage of WO3.
1. Aqua RAgia 62.17
61.96
2. Alkaline Fusion 62.70
62.88
3. Hydrochloric Hydrofluoric acid 62.41
62.53
4. ITew Method 62.47
62.62
It can be readily seen that the results of the aqua
regia method, due most likely to the incomplete solution
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of the ore, are low.
The alkaline fusion method shows high results which
are attributed to the elements brought down by the mercur-
ous nitrate. These were not removed by the treatment with
hydrofluoric acid ignition.
The third method gives good results as it happens that
this ore was completely soluble ir. the mixture of the two acid.
The new method devised as was pointedout in the description
of the same took into account the losses or high results
in the previous three analyses.
Briefly summed up the .advantages of the new method are:
I. It insures complete fusion.
II. It makes possible a complete precipitation of tung-
stic acid.
III. It is possible in this method to completely remove
the silica.
IV. It is possible with the use of alcohol to remove
some of the chlorides of molybdenum, vana-
dium
, et c
.
V. It tallies well with the results of known and
accepted methods.
With repect to time efficiency, in determining tungstic
oxide, the aqua regia method takes four to five hours, the
alkaline fusion method three to four hours, the hydrofluoric
hydrochloric acid method four, to five hours, and the new
method, three and one half to four hours.
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b) Conclusions to part 2.
In preparing the tungsten powders two methods of pro-
cedure are usually adopted. The Goolidge system takes the
oxide as prepared and reduces to the tungstren powder, with-
out first pressing the oxide into briquets. The oxide is
completely reduced, hut no preheater is used. The scheme
adopted by the German patent of Dr. Schwarzkopf, first pres-
ses the oxide into briquets and then reduces the same into
a coherent mass. The latter does not hasre to be completely
reduced to the metal for further treatment.
The method adopted was similiar to the Goolidge system
with the variation of a preheater arrangement. This was
found to shorten the reduction period from two to three hours.
The time for a complete set of experiments was unavailable
but a small amount of tungsten crystals were produced in the
manner described.
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